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INHIBITORS OP SEROTONIN REUPTAKE 



During the past two decades, the relationship between 
neuronal monoamines in the brain and a variety of diseases 
and conditions has been appreciated and investigated. The 
discovery of selective monoamine reuptake inhibitors has 
provided the medical community with exciting new tools with 
the potential for treatment of several physiological and 
psychological disorders. Reuptake inhibitors increase the 
levels of endogenous monoamines by inhibiting the neuronal 
mechanism for recovering the monoamine from the synapse 
without interfering with the neuronal receptors. If the 
reuptake inhibitor is selective for a particular monoamine, 
undesirable side-effects from the therapy can be reduced. 

Fluoxetine, a selective inhibitor of serotonin 
reuptake, has gained wide acceptance as a therapy for the 
treatment of depression and eating disorders, and is under 
active investigation for the treatment of other disorders. 
Similarly, tomoxetine hydrochloride [ (-) -N-methyl-3- (2- 
methylphenoxy ) propanamine hydrochloride] is a selective 
ishifcitcr cf s^repi^ephrise uptake feeing investigated 
clinically for the treatment of urinary incontinence. These 
compounds are among many taught in U.S. Patent Nos. 
4,018,895, 4,194,009, 4,314,081 and 5,026,707 as being 
potent inhibitors of the uptake of various physiologically 
active monoamines, including serotonin, norepinephrine and 
dopamine. The present invention provides 4 - arylpiper idines 
useful for the inhibition of serotonin reuptake. 

SUMMARY OF THE INVENTION 



The present i&vesties provides 4 -azylpipsridinss of 
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I 

where 

A-B is -OCH- or - CHCH2 - ; 

n is 0 or 1; 

R 1 is H or C1-C4 alkyl; 

R 2 is H, or C1-C6 alkyl; and 

Aryl is naphthyl or heteroaryl, each optionally 
monosubstituted with a substitutent selected from the group 
consisting of halo, hydroxy, C1-C4 alkyl, C1-C4 alkoxy, 
cyano, nitro, carboxamido, and trif luoroxnethyl ; or 
pharmaceutically acceptable salts or hydrates thereof. 

This invention also provides a pharmaceutical 
formulation which comprises, in association with 
pharmaceutically acceptable carriers, diluents or 
excipients, a compound of Formula I. 

This invention further comprises a method for the 
inhibition of serotonin reuptake comprising administering to 
a mammal in need of such treatment an effective amount of a 
compound of Formula I. 

The general chemical terms used in the formulae above 
have their usual meanings. For example, the term "alkyl" 
includes such groups as methyl, ethyl, n-propyl, isopropyl, 
Il-butyl, isobutyl, asc-butyl, t£££- butyl, and the like. The 
term B alkoxy* 5 includes methbxy, ethoxy, propoxy, isopropoxy, 
©atexy asa tho like. Ths tsza?. "halogen 9 " includes flusr©, 
chloro, brosio and iodo. 

The term "naphthyl" is taken to mean naphth-l-yl or 
naphth-2-yl. 
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The term "heteroaryl" is taken to mean benzofur-2-yl, 
benzofur-3-yl, indazol-3-yl, benzimidazol - 2 -yl , 
benzothiazol-2-yl, benzoxazol-2-yl, benzoisothiazol-3-yl, 

benzoisoxazol - 3 ~yl ? quinolin-2-yl, quinolin-3-yl, quinolin- 
4-yi, isoguinolin-l-yl, isoquinolin-3-yl, and isaquinolin-4- 
yl. 

While all of the compounds of Formula I are useful for 
the inhibition of serotonin reuptake 9 certain classes of the 
compounds are preferred. The following paragraphs describe 
such preferred classes. 

a) A-B is -OCH-; 

b) A-B is -CH-CH2-; 

c) R 1 is hydrogen; 

d) R 1 is methyl; 

e) Aryl is naphthyl; 

f) Aryl is heteroaryl; 

g) Aryl is selected from benzothiazol-2-yl, benzofur- 
2-yl, and quinolin-2-yl; 

h) Aryl is monosubstituted with halogen; 

i) Aryl is monosubstituted with chloro; 

j) Aryl is benzothiazol-2-yl; 

k) Aryl benzofur-2-yl monosubstituted at the 6- 
position; 

1) R 2 is hydrogen; 

m) R 2 is methyl; 

n) A-B is -CHCH2-, n is 0, R 2 is methyl at the 2- 

position of the piperidine ring, and the compound exists as 
the trans - isomer; 
o) n is 0; 

p) The conrpcund ic a calt; 

q) The eesnpouad is a £sree base. 
It will be understood fchafe the above classes uiay be 
combined to form additional preferred classes - 

Since the compounds of this invention are amines, 
they arc basic in nature and accordingly react with any 
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of a number of inorganic and organic acids to form 
pharmaceutical!/ acceptable acid addition salts. Since 
some of the free amines of the compounds of this 
invention are typically oils at room temperature, it is 
preferable to convert the free amines to their 
pharmaceutical^ acceptable acid addition salts for ease 
of handling and administration, since the latter are 
routinely solid at room temperature. Acids commonly 
employed to form such salts are inorganic acids such as 
hydrochloric acid, hydrobromic acid, hydroiodic acid, 
sulfuric acid, phosphoric acid, and the like, and organic 
acids, such as p-toluenesulf onic acid, methanesulf onic 
acid, oxalic acid, p-^o^ophenyl sulfonic acid, carbonic 
acid, succinic acid, citric acid, benzoic acid, acetic 
acid and the like. Examples of such pharmaceutical^ 
acceptable salts thus are the sulfate, pyrosulfate, 
bisulfate, sulfite, bisulfite, phosphate, monohydrogen- 
phosphate, dihydrogenphosphate , metaphosphate, pyro- 
phosphate, chloride, bromide, iodide, acetate, 
propionate, decanoate, caprylate, acrylate, formate, 
isobutyxate, eaproate, ireptassate, prspislate, exalats, 
malonate, succinate, suberate, sebacate, fumarate, 
maleate, butyne-l,4-dioate, hexyne-1, 6-dioate, benzoate, 
chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxy - 
benzoate, methoxybenzoate, phthalate, sulfonate, 
xylenesulfonate, phenylacetate, phenylpropionate, 
phenylbutyrate, citrate, lactate, P-hydroxybutyrate, 
glycollate, tartrate, methanesulf onate, propanesulf onate, 
naphthalene - 1 - sul f onate , naphthalene - 2 - sul f onate , 
mandelate and the like. 

Certain c^mmm&B ofi the invention where & 2 
methyl er ethyl are ehiral. as snch s t&ese ce-^stts&s may 
exist as single members of specific optical isomer pairs 
(a) -(f ) a as mixtures of these optical isomer pairs, or as 
racemic mixtures of these optical isomer pairs. The 
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skilled artisan will also appreciate that the isomer 
pairs (a) - (d) exist as diastereomers, since the alkyl 
moiety creates an element of asymmetry at the 4 -position 

of the piperidine nucleus. All of these diastereomera 
and enantiomers are contemplated by the present 
invention* 



While all racemates, diastereomers, single enantiomers, 
and mixtures of enantiomers are useful serotonin reuptake 
inhibitors, it is preferred that the compound be a single 



(•) 




^"'B' 





^R 1 



JO'" 



-9 

XX' XJ 

R« R* 



f T 



B 1 



WO 99/65487 PCTAJS99/I2473 

6 

enantiomer or diastereamer . 

It is especially preferred that the compound 
contains a moiety of formula (b) . 

The skilled artisan will appreciate that the pure 
isomers may be prepared from chiral starting materials , 
or by fractional crystallization using chiral acids. 

Additionally, compounds of the invention where R 1 is H 
may be used as intermediates by introducing a chiral 
auxiliary, separating the diastereomers by fractional 
crystallization or chromatography, and then cleaving the 

chiral auxiliary. R 1 substituents other than H may then 
be reintroduced, as desired, by reductive alkylation or 
alkylation with an appropriate reagent. 

The following group is illustrative of the compounds 
of the present invention: 

(+) -££asS-2-methyl-4- (benzofur-3-yl)piperidine sulfate; 
4- (4-bramobenzofur-2-yl) -1,2,3, 6-tetrahydropyridine 
phosphate; 

4- (5 -fluorobenzofur- 3 -yl) piperidine hydrochloride; 

4 _ ( s ~ i odobenzof ur -2-yl) piperidine ; 

(-) -£ifi- 1,2 -dimethyl -4- ( 7 - hydroxybenzof ur - 3 - 
yl ) piperidine hydrobromide monohydrate; 

4 - ( 4 -me thylbenzof ur - 2 - y lmethyl ) piperidine acetate ; 

4 * ( 5 - isopropylbenzof ur- 3 -yl ) piperidine ; 

trans - 1 -methyl - 3 - ethyl - 4 - ( 6 - isobutylbenzof ur- 2 - 
y 1 ) piperidine acrylate ; 

4- ( 7- ethoxybenzofur- 3 -yl) piperidine succinate; 

4 - ( 4 - 1 ert - but oxybenzof ur- 2 - yl ) piperidine ; 

l-isopropyl-4- (5-cyanobenzofur-3-yl) -1,2,3,6- 
tetrabydropyridine dinitrobenzoate; 

4~ nitrebenE©£^r-2 - yl } piperidine i 

1 - butyl - 4 - ( 6 - carboxamidobenzof ur - 3 - yl ) piperidine ; 

4- (7- trifluoromethybenaofur- 2 -yl) piperidine citrate, 
- trans 2 :ncthyl 4 {indszol- 3 -yl) piperidine siilfate: 
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4 - (4-bromoindazol - -yl } -1,2, 3, 6- tetrahydropyridine 
phosphate; 

4- (5 -fluoroindazol- 3 -yl) piperidine hydrochloride; 

4- (6- iodoindazol - 3 -ylmethyl ) piperidine ; 

(-) -yip- l s 2~ dimethyl - 4 - ( 7 - hydroxy indazol - 3 - 



yl) piperidine hydrobromide monohydrate; 

4 - ( 4 -methyl indazol - 3 - yl ) piperidine acetate ; 

4 - { 5 - i sopropyl indazol - 3 - yl ) piperidine ; 

trans - 1 -methyl - 3 - ethyl - 4 - ( 6 - ieobutyl indazol - 3 - 
y 1 ) piperidine acrylate ; 

4- ( 7 -ethoxyindazol- 3 -yl) piperidine succinate; 

4 - ( 4 - tert - butoxyindazol - 3 - yl ) piperidine ; 

1 - isopropyl -4 - (5 - cyanoindazol - 3 -yl) -1,2,3,6- 
tet rahydropyridine dinitrobenzoate; 

4- ( 6 -nitroindazol- 3 -yl) piperidine; 

1 - butyl - 4 - ( 6 - carboxamidoindazol - 3 - yl ) piperidine ; 

4- (7 -trifluoromethyindazol- 3 -yl) piperidine citrate; 

(+) -t£asa-2-methyl-4- (benzimidazol -2 -yl) piperidine; 

4- (4-bromobenzimidazol-2-yl) -1,2,3,6- 
tet rahydropyridine ; 

4 - { 5 - f 1 ^ercfccssisidsscl °2- ylsctiyl ) piperidine 
tartarate; 

4 - ( 6 - iodobenzimidazol - 2 - yl ) piperidine ; 

( - ) - cis - 1,2- dimethyl - 4 - ( 7 - hydroxybenzimidazol - 2 - 
yl) piperidine; 

4 - (4 -methylbenzimidazol -2 - yl ) piperidine ; 

4- (5 -isopropylbenzimidazol- 2 -yl) piperidine mandelate; 

trans - 1 -methyl - 3 - ethyl -4- (6- i sobutylbenzimidazol -2- 
yl ) piperidine; 

4 - { 7 - ethoxybenzimidazol - 2 - yl ) piperidine ; 

4 - (4 - terfc -butexybeagimidazQl - 2 -yl ) piperidine ; 

1 - i sepropyl - 4 - { H - cyanobensimidazol -2-yl) -1,2,3,6- 
tet rahydropyridine ; 

4 - (6 - ai t robenz imida z ol 2 yl) piperidine ; 

1 butyl - 4 - { S - carbo^awldobe^^i mitfas©! - 2 - yl ) piperidine ; 

4 - ( 7 - trif luoromethybeazimidazol - 2 - yl ) piperidine ; 
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( + ) - trans - 2 -methyl - 4 - (benzothiazol - 2 - yl ) piperidine ; 

4» (4 - bromobenzothiazol - 2 -ylmethyl ) -1,2,3,6- 
tetrahydropyridine ; 

4 - ( 5 - fluorobenzothiazol - 2 - yl ) piperidine ; 

4- (6- iodobenzothiazol - 2 - yl ) piperidine ; 

(-) - cis - 1,2- dimethyl - 4 - ( 7 - hydroxybenzothiazol « 2 - 
yl) piperidine; 

4 - ( 4 -methy Ibenzothiazol - 2 - yl ) piperidine ; 

4 - ( 5 - isopropylbenzothiazol - 2 - yl ) piperidine ; 

trans - 1 -methyl - 3 - ethyl - 4 - ( 6 - isobutylbenzothiazol -.2 - 
yl ) piperidine; 

4 - ( 7 - ethoxybenzothiazol - 2 -yl ) piperidine ; 

4 - ( 4 -££it-but oxybenzothiazol - 2 - yl ) piperidine ; 

1 - isopropyl - 4 - ( 5 - cyanobenzothiazol -2-yl)-l,2,3,6- 
tetrahydropyridine ; 

4 - ( 6 - ni trobenzothiazol - 2 - yl ) piperidine ; 

1 - butyl - 4 - ( 6 - carboxamidobenzot hiazol - 2 - yl ) piperidine ; 

4 - ( 7 - trif luoroznethybenzothiazol - 2 - yl ) piperidine ; 

(+) -tcaafi-2-methyl-4- (benzoxazol -2 -yl) piperidine; 

4 - ( 4 - bromobenzoxazol - 2 -yl ) - 1 , 2 , 3 , 6 - tetrahydropyridine ; 

4 - i 5 - f luozd&enzQMoLZQl - 2 - yl ) pige^idisie j 

4 - ( 6 - iodobenzoxazol - 2 -yl ) piperidine ; 

( - ) - cis - 1,2- dimethyl - 4 - ( 7 - hydroxybenzoxazol -2- 
yl ) piperidine; 

4 - ( 4 -methylbenzoxazol - 2 - yl ) piperidine ; 

4 - ( 5 - isopropylbenzoxazol - 2 -yl ) piperidine ; 

trans - 1 -methyl - 3 - ethyl - 4 - ( 6 - isobutylbenzoxazol -2- 
yl ) piperidine; 

4 - ( 7 - ethoxybenzoxazol - 2 - yl ) piperidine ; 

4 - (4 -Jtext- butoxybenzoxazol - 2 - ylmethyl ) piperidine ; 

1 - iBOpzoyryl - 4 - { 5 - eyanobenzoxazol 2 yl) -1,2,3,5- 
tetrahydropyridine ; 

4- (6-nitrcbenzoxazoi-2-yi}giperifiiae; 

1 - butyl 4 « ( 6 - carbcxamidobenzoxazol - 2 - yl ) piperidine • 

4 - (7 - 1 ri f Inornmethybenzoxazol - 2 - yl ) piperidine ; 

{ + ) -iEgzs£-2 ■■ methyl {benzoisothiazol - 3 -yl) piperidine; 
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4- (4-bromobenzoisothiazol-3-yl) -1,2,3,6- 
tet rahydropyridine ; 

4 - ( 5 - f luorobenzoisothiazol - 3 - yl ) piperidine ; 

4 - ( 6 - iodobenzoisothiazol - 3 - yl ) piperidine ; 

(-) -£ifi-I*2-dimethyI-4- { 7 - hydrcxybenzoisothiazQl - 3 - 
yl) piperidine; 

4 - ( 4 -methylbenzoisothiazol - 3 -yl ) piperidine ; 

4 - ( 5 - isopropylbenzoisothiazol - 3 -yl ) piperidine ; 

trans - 1 -methyl - 3 - ethyl - 4 - ( S - isobutylbenzoisothiazol - 3 
yl) piperidine; 

4 - ( 7 - e thoxybenz oi s othiazol - 3 - y 1 ) piperidine ; 

4 - (4 : tart- butoxybenzoisothiazol - 3 - yl ) piperidine ; 

1 - isopropyl - 4 - ( 5 - cyanobenzoisothiazol -3-yl)-l,2,3,6- 
tetrahydropyridine ; 

4 - ( 6 - ni trobenzoiso thiazol - 3 - yl ) piperidine ; 

1 -butyl - 4 - ( 6 - carboxamidobenzoisothiazol -3- 
yl ) piperidine ; 

4 - ( 7 - 1 rif luorome thybenzoi sot hiazol - 3 - yl ) piperidine ; 

(+) -t£anfl-2-methyl-4- (benzoisoxazol- 3 -yl) piperidine; 

4- (4-bromobenzoisoxazol-3-yl) -1,2,3,6- 

4 - ( 5 - f luor obenzoisoxa zol - 3 - yl ) piperidine ; 

4 - ( 6 - iodobenzoisoxa zol - 3 -yl ) piperidine ; 

{ - ) - gig - 1,2- dimethyl - 4 - ( 7 - hydroxybenzoisoxazol - 3 - 
yl) piperidine; 

4 - (4 -methylbenzoisoxazol - 3 - yl ) piperidine ; 

4 - ( 5 - isopropylbenzoisoxazol - 3 -yl ) piperidine ; 

trans - 1 -methyl - 3 - ethyl - 4 - ( 6 - isobutylbenzoisoxazol - 3 - 
yl) piperidine; 

4 - ( 7 - e thoxybenzoi soxazol - 3 - yl ) piperidine ; 

4 - (4 tcsrt but cxybensoi soxazol - 3 -yl ) piperidine ; 

1 - impw®pyl - 4 - 1 5 - eyanobenzoisoxazoi - 3 -yl } » l f 2 9 3 , 6 - 
tetrahydropyridiae ; 

4- (S-nitrobsnzoisoxazoI- 3 -yi} piperidine; 

% -butyl - 4 - ( 6 - carboxamidobenzoisoxazol - 3 - yl ) piperidine 

4- (7-trif luoromethybenzoisoxa^oJ- 4 -yl ) piperidine; 
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(+) - trans - 2 -methyl - 4 - (quinolin-2-yl) piperidine; 

4 - ( 5 -bromoquinol in- 3 - yl ) - 1 , 2 , 3 , 6 - tetrahydropyridine ; 

4- ( 6- fluoroquinolin- 4- yl) piperidine; 

4 - ( 7 - iodoguinol in- 2 - y 1 ) piperidine i 
{-) -cig- 1,2 -dimethyl -4- { 8 -fcydrcxyquinolin- 3 - 
yl) piperidine; 

4 - ( S -methylquinolin- 4 - y line thy 1 ) piperidine ; 

4 - ( 6 r isopropylquinoiin- 2 yl) piperidine ; 

trans - 1 -methyl - 3 - ethyl - 4 - ( 7 - i s obu t y 1 quinol in - 3 - 
yl) piperidine; 

4 - ( 8 - ethoxyquinolin-4 -yl ) piperidine ; 

4 - (5 -£e£fc-butoxyquinolin-2 - yl ) piperidine ; 

l-isopropyl-4- (6-cyanoquinolin-2-yl) -1,2,3,6- 
tetrahydropyridine ; 

4 - ( 7 - ni troquinol in- 2 -yl ) piperidine ; 

1 - butyl - 4 - ( 6 - carboxamidoquinol in- 2 - y 1 ) piperidine ; 

4 - ( 8 - 1 ri f luorome thyquinol in - 2 - yl ) piperidine ; 

( + ) - trans - 2 -methyl - 4 - (isoquinolin-3-yl) piperidine; 

4- (S-bromoisoquinolin-l-yl) -1,2,3, 6-tetrahydropyridine; 

4 - ( 6 - f luoroisoquinolin- 4 -yl) piperidine ; 

(-) -fiifi- 1,2- dime thyl-4- ( 8 - hydroxyisoquinol in - 1 - 
ylmethyl ) piperidine ; 

4 - ( 5 - methyl i soquinol in - 4 - y 1 ) piperidine ; 

4- (6 - isopropylisoquinolin-3 -yl ) piperidine; 

trans - 1 -methyl - 3 - ethyl - 4 - ( 7 - isobutylisoquinolin- 1 - 
yl) piperidine; 

4 - ( 8 - ethoxyisoquinolin- 4 -yl ) piperidine ; 

4- (5-le£t-butoxyisoquinolin-3-yl) piperidine; 

1 - isopropyl - 4 - ( 6 - cyanoisoquinol in- 3 -yl ) - 1 , 2,3,6- 
tetrahydrcpyridine ; 

4 - {7-aitroisoquinolin- 3 -yl ) pipsridine ; 

1 -butyl - 4 - ( 5 - eax LoxairddGi s Gquinol in 3-ylJ piperidine; 

4 - { 8 - trif luoremetisyisoquiaolia - 3 - yl ) piperidine . 
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Certain compounds of the present invention may be 
prepared from appropriate arylhalides by methods well known 
to the skilled artisan. The necessary arylhalides are 

either commercially available or may be prepared by methods 
commonly employed by one of ordinary skill in the art. The 
preparation of the compounds of the present invention is 
illustrated in Synthetic Scheme X, where Aryl* is benzofur- 
2-yl, benzofur-3-yl, naphth-l-yl, naphth-2-yl, quinclin-3 
yl, guinolin-4-yl, or isoquinolin-4-yl; halide is chloro, 

bromo or iodo; R 1 * is C3.-C4 alkyl or an appropriate nitrogen 

protecting group; and R 1 and R 2 are as previously defined. 
Nitrogen protecting groups useful for these reactions are 
well known to the skilled artisan (Greene, Protective Groups 
in Organic Synthesis, Second Edition, Wiley Interscience, 
New York (1991)), Preferred protecting groups are the C1-C4 
alkoxycarbonyl groups, such as ethoxycarbonyl and tert - 
butoxycarbonyl , the phenoxycarbonyl group, and the benzyl 
group . 
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Synthetic Scheme I 




An appropriate arylhalide is reacted with an 
alkyllithium, typically a -butyl lithium or JysEfc-butyllithium, 
in an appropriate solvent, typically tetrahydrofuran or 
diethyl ether, to generate the corresponding aryllithiuxn. 
This aryllithiuxn is then reacted directly with an 
appropriately substituted 4-piperidone to prepare the 
CGrrsspea&i&g 4-hyd^^-4-&Kyip±pcxidis&c. The rcquicitc 
piperidones are either commercially available or may be 
prepared by methods well kaowii to the skilled artisan. 
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This tertiary alcohol may then be dehydrated to prepare 
the desired 4-aryl-l,2,3, 6-tetrahydropyridine by treatment 
with an acid in an appropriate solvent. The solvent roust be 
capable of solvating the tertiary alcohol as well as inert 
to the reaction conditions. Preferred solvents are toluene 
and dichloromethane . The acid may be soluble in the 
reaction mixture' or may be an acidic resin which is 
insoluble in the reaction mixture. Trif luoroacetic acid is 
a preferred soluble acid and AMBERLYST 15™ (Aldrich 
Chemical Company, P.O. Box 2060, Milwaukee, WI 53201, USA) 
is a preferred acidic resin. The dehydration reactions may 
be run at from about ambient temperature to the reflux 
temperature of the solvent. 

Once the dehydration is complete, the reaction mixture 
is concentrated under reduced pressure. In those cases 
where an acidic resin is used, it is more convenient to 
remove the resin by filtration prior to concentration of the 
reaction mixture under reduced pressure. The residue is 
then dissolved in a water immiscible solvent, such as 
dichloromethane, and the organic solution is washed with an 
aqueous base sueii ae sodium ^iear^asate ssl^tie^o The 
remaining organic phase is dried and then concentrated under 
reduced pressure. The residue may be used directly in other 
reactions, converted to an appropriate salt, crystallized or 
purified by chromatography as desired. 

Alternatively, the aryllithiums prepared supra may be 
treated with a trialkylborate, typically triisopropylborate, 
to provide, after hydrolysis, the corresponding boric acid. 
The boric acid derivative may be coupled with an appropriate 
trif late in the presence of a palladium catalyst, typically 
tet rakis [ fcriphejaylphosphiae 3 pal ladiusk ( 0 } , to provide the 
requisite 4-aryl-l,2 # 3,6-tetrmhydro-4-pyriStee8c The 
requisite triflates are prepared from the aaolates of the 
corresponding 4 pipcridones by treatment with SJ-phenyitri- 
fluQrOT^tbnweBwlS^nimide under conditions well known in the 
aarc. 
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The 4-aryl-l,2,3,6-tetrahydro-4-pyridines prepared by 
either of these routes may be used to prepare other 
tetrahydropyridines of the invention, or may be hydrogenated 
over a precious metal catalyst, such as palladium on carbon 
or platinum oxide, to give the corresponding 4-arylpiperi- 
dines. When the aryl group is substituted with bromo or 
iodo, a hydrogenation catalyst such as sulfided platinum on 
carbon, platinum oxide, or a mixed catalyst system of 
sulfided platinum on carbon with platinum oxide is used to 
prevent hydrogenolysis of the bromo substituent during 
reduction of the tetrahydropyridinyl double bond. The 
hydrogenation solvent may consist of a lower alkanol, such 
as methanol or ethanol, or a mixed solvent system of ethanol 
and trifluoroethanol. The hydrogenation may be performed at 
an initial hydrogen pressure of 20-80 p.s.i., preferably 
from 50-60 p.s.i., at 0-S0°C, preferably at ambient 
temperature to 40°C, for 1 hour to 3 days. Additional 
charges of hydrogen may be required to drive the reaction to 
completion depending on the specific substrate. The 4- 
arylpiperidines prepared in this manner are isolated by 
removal of the catalyst by filtration followed by 
concentration of the reaction solvent under reduced 
pressure. The product recovered may be used directly in a 
subsequent step or further purified by chromatography, or by 
recrystallization from a suitable solvent. 

As an alternative to hydrogenation, the 4 -aryl- l, 2,3, 6- 
tetrahydropyridines may be reduced by treatment with 
triethylsilane if desired. The 4 -aryl -1,2, 3, 6-tetrahydro- 
pyridine is dissolved in trif luoroacetic acid to which is 
added an excess, 1.1-10.0 equivalents, of triethylsilane. 
The reaction mixture is stirred at about ambient temperature 
for txzzz abeut I to a&or&z 43 hsurs at ti&e the 

reaction mixture is concentrated under reduced pressure. 
The residue is then treated with 2N sodium or potassium 
hyuxuxiue and the mixture extracted *?ith a #ater immiscible 



WO 99/65487 



15 



PCTAJS99/12473 



solvent such as dichl or ome thane or diethyl ether. The 
resultant 4-arylpiperidine is purified by column 
chromatography if desired. 

Compounds of the invention where n*=l may be prepared by 
reacting an appropriate aryl lithium with a 4-formyipiperi- 
dine as illustrated in Synthetic Scheme II where Aryl, r!*, 
halide, and R 2 are as previously defined. 

Synthetic Scheme II 



AryHollde 




The alkyllithium, generated as described aupra or by 
direct deprotonation of an aryl substrate, is reacted with 

the aldehyde to provide a t«e eGrresps^Sisg ts-rtiary 
alcohol. This alcohol is then treated with triethylsilane 
in trifluoroacetic acid at room texrqperature until the 
dehydroxylation is complete, typically from about l to about 
16 hours. 

Compounds of the invention where the tetrahydropyridine 
or piperidine ring is connected to the Aryl ring at a 
position adjacent to a nitrogen atom may be prepared by the 
coupling procedure illustrated in Synthetic Scheme III where 
Aryl** is indazol-3-yl, benzimidazol-2-yl f benzothiazol - 3 - 
yi, bea2©3a2Ql-2-yl, benzoisothiazcl-S yl, bensoiGCxazcl 3 
yl, q»isolin-2-yl- f isoquinolin- I-yl ®x is^quis^lia-S-yl? &»a 
R 1 *, halide, and R 2 are ae previously defined. 
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Pd catalyst 
hexamethyldffln 





Aryf* 



The aryl halide, typically an aryl chloride, is reacted 
with an appropriate triflate in the presence of a palladium 
catalyst , typically tetrakis [ triphenylphosphine] palladi - 
uxn(O) , hexamethylditin, and lithium chloride under the 
conditions described by S . Hitchcock et al . , Tetrahedron 
Letters, 36, 9085 (1995). The 1,2, 3, 6-tetrahydropyridines 
prepared by this method may be further reacted as described 
in Synthetic Scheme I to prepare additional compounds of the 
invention. 

The skilled artisan will appreciate that not all of the 
optional Aryl substituents will survive the anion chemistry 
described supra. The preparation of compounds containing 
functionality sensitive to anion chemistry may be 
accomplished by the use of am appropriate amino -substituted 
substrate. Once the anion chemistry is completed, the amino 
group may be diazotized and displaced under standard methods 
to provide the appropriate halo or cyano substituted 
compound. The nitrile may be hydrated to the carboxamide if 
desired. 

The skilled artisan will also appreciate that where R 1 * 

is a nitrogen prof eating group, the nitrogen protecting 
group may be removed at any convenient goi&fc in the 
synthesis. Furthermore, depretecticn may be accczrplished 
simultaneously with functional group transformations under 
the acidic conditions required ior dehydration or during 
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hydrogenation of the 1,2,3, 6-tetrahydropyridine ring 
depending upon the specific protecting group employed. 
The following preparations and examples further 

illustrate the synthesis of the compounds of this invention 
and are not intended to limit the scope of the invention in 
any way. The compounds described below were identified by 
various standard analytical techniques as stated in the 
individual preparations and examples. 

Preparation I 

1 -phenoxycarbonyl - 2 -methyl - 1 f 2 , 3 , 4 - tetrahydropiperidin- 4 - one 

A solution of 1.5 gm (13.7 mMol) 4-methoxypyridine and 
4.6 mL (13.7 mMol) methylmagnesium chloride in 30 mL 

tetrahydrofuran was cooled to -23°C at which time 1.72 iflL 
(13.7 mMol) phenyl chlorof ormate was added. The reaction 
mixture was stirred for 20 minutes and was then poured into 
10% hydrochloric acid and stirred for at room temperature 
for 10. minutes. This mixture was then extracted well with 
diethyl ether. The ether extracts were combined, washed 
with saturated aqueous sodium chloride, dried over sodium 
sulfate and concentrated under redaeesl pressure. The 
residue was subjected to flash silica gel chromatography, 
eluting with 9:1 hexane: ethyl acetate. Fractions containing 
product were combined and concentrated under reduced 
pressure to provide 1.54 gm (49%) of the title compound as a 
white solid. 

Preparation II 
1,2- dime thylpiperidin - 4 - one 
Rthyl 3-(N-methvlamino)butanoate 

A solution of 479.2 uiL (0.353 mola) rnathylasdns 12SA in 
tetrafeydrcfuran} was added drcpwise to 59*44 gs* efebyi 
crotonate with stirring. After stirring £ days at room 
temperature the reaction mixture was concentrated under 
reduced pressure f n remove tetrahydrofuran. The residue was 
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distilled to provide 91.25 gm (72%) of the desired product 
in 2 fractions. 
MS(FD) : m/e » 145 (M+) 

EA: Calculated for: C7H15NO2S Theory? C, 57.90; H, 10.41; 
N, 9.65. Pounds C, 57.61; K, 10.66; K f 9.88. 

Ethyl 3- CN-methyl-N- (2-etfa pxvcarbonvleth-l- 
yl ) efflino) Wt»nQ»tg 

A mixture of 54.4 gm (0.374 mole) ethyl 3-(N-methyl- 
ainino) butanoate and 100 gm (0.999 mole) ethyl acrylate was 
heated at 110°C with stirring for 18 hours. The reaction 
mixture was cooled to room temperature and then distilled 
under reduced pressure to provide 61.7 gm (67.1%) of the 
desired compound. 
b.p.« 93-100°C (0.12 mm Hg) 
MS(FD) : m/e « 245 (M+) 

EA: Calculated for: C12H23NO4: Theory: C, 58.75; H, 9.45; 
N, 5.71. Pound: C, 59.02; H, 9-65; N, 6.00. 

cyc3Lj^t^PP/deg»ybpxy3.atiop 

A solution of 43.0 gm (0.175 mole) ethyl 3- (N-methyl-N- 
(2-ethoxycarbonyieth-l-yl) amino) butanoate in 150 mL benzene 
was added dropwise to a stirring suspension of 5.6 gm (0.14 
mole) sodium hydride (60% dispersion in mineral oil) in 100 
mL benzene at room temperature. To this gelatinous mixture 
were added am additional 250 mL benzene and 3.5 gm (0.088 
mole) sodium hydride (60% dispersion in mineral oil) and the 
mixture heated to reflux for 2 hours. The reaction mixture 
was then cooled to room tenperature and acidified by the 
addition of concentrated hydrochloric acid. The phases were 
separated and the organic phase extracted with 3 x 100 mL EN 
hydrochleris a^id. The css&iaed aqssecus pleases were aileweS 
to stand at room temperature for IS hours aad we*e then 
heated to reflux for 4 hours. The reaction mixture was 
cooieu tu C-C aud LabifieS (pK*"l4) with SGi a^ueouo NaCK. 
The mixture was extracted with 4 x 2CC XL dichlcrcmc thane. 
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The combined organic extracts were dried over sodium sulfate 
and then concentrated under reduced pressure to provide 22.2 
gm of a brown oil. This residual oil was subjected to 
silica gel chromatography, eluting with 5% methanol in 
dichloromethane containing a trace of ammonium hydroxide. 
Fractions shown to contain product were combined and 
concentrated under reduced pressure to provide 18,7 gm of an 
oil. This oil was fractionally distilled to provide 10.2 gm 
(46%) of the title compound. 
MS(FD) : m/e - 127 <M+) 

EA: Calculated for: C7H13NO: Theory: C, 66.10; H, 10.30; 
N, 11.01. Found: C, 65.80; H, 10.44; N, 11.04. 

Preparation III 
1 - phenoxycarbonyl - 2 -methyl • 4 - trif luoromethanesul f onyloxy- 
1,2,3,6- tetrahydropyridine 
A solution of 11.47 gm (49.8 iriMol) 1 -phenoxycarbonyl -2 - 
methyl-l,2,3,4-tetrahydropiperidin-4-one in tetrahydrofuran 

was cooled to -23°C at which point 54.8 mL (54.8 mMol) L- 
Selectride (1.0 M in tetrahydrofuran) was added dropwise via 
an additional funnel. The reaction mixture was stirred for 
two hours and then a solution of 18.69 gm (52.3 mMol) N- 
phenyltrifluoromethanesulfonimide in tetrahydrofuran was 
added dropwise and the resulting mixture stirred at room 
temperature for 18 hours. The reaction mixture waB then 
concentrated under reduced pressure and the residue 
dissolved in diethyl ether. The ether extracts were 
combined, washed with saturated aqueous sodium chloride, 
dried over magnesium sulfate and concentrated under reduced 
pressure. The residue was subjected to flash silica gel 
dhroHatography, eluting ^ith 9:1 he^sa&e 2 ethyl acetate « 
Fractions containing product were eexr^insd and esseeHtratsS 
under reduced pressure to provide 9.46 gm (52%) of the title 
czt^™™* bb b. yellow oil. 
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Preparation IV 
1 - 1 ert -butoxycarbonyl - 4 - f ormylpiperidine 

A solution of 25 gm (159 iriMol) ethyl piperidine-4- 
carboxylate in 240 mL dioxane and 160 mL water was first 
cooled to Q°C, and then 33.7 gis {318 mMol) sodium carbonate 
and 38 gm (175 mMol) di butyldicarbonate were added . 
After stirring at room ten^erature for 18 hours, the 
reaction mixture was concentrated under reduced pressure. 
The residue was dissolved in ethyl acetate and the mixture 
was treated with 1.5 M aqueous sodium hydrogen sulfate until 
the pH was about 2. The phases were separated and the 
organic phase was washed with saturated aqueous sodium 
chloride, dried of over sodium sulfate, and concentrated to 
provide 39.2 gm (96*) ethyl l-£££k-butoxycarbonylpiperidine- 
4 -carboxylate as a clear oil. 

To a solution of 39.2 gm (152 mMol) ethyl 1- tert - 
butoxycarbonylpiperidine- 4 -carboxylate in 600 mL diethyl 
ether were cautiously added 6.1 gm (152 mMol) lithium 
aluminum hydride in portions. The reaction mixture was 
stirred for about 1.5 hours after the addition was complete 
and was then carefully quenched with water . The reaction 
mixture was partitioned between diethyl ether and 5 N sodium 
hydroxide. The organic phase was washed with saturated 
aqueous sodium chloride, dried over magnesium sulfate, and 
concentrated under reduced pressure to provide about 24 gm 
of a waxy solid. This solid was crystallized from a mixture 
of diethyl ether and hexane to provide 11.7 gm (36%) of 1- 
tert -butoxycarbonyl - 4 -hydroxymethylpipefidine as a white 
solid. 

A solution of 1,8 mL (20.4 mMol) oxalyl chloride in 180 

eft d i ohl orcrtto thtxia ^as zsoled to -S0°C sfe whieh pQiat 2.9 
(40.9 tMoI) dimethyisuif oxide was added. After stirring for 
about 5 oiraiteg, a solution of 4.0 gm (18.6 mMol) 1- teyt - 
outoxyccaLuiiyl 4 - hydrcxys^tfcylpipcr idine in dichlcrOT!£th»r>e 
w*b added. After stirring for 20 zaismteg* 12c 9 (92 = 9) 
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mMol triethylamine were added and the resulting solution was 
allowed to warm to room tentperature and was stirred at that 
temperature for about an hour. The reaction mixture was 
partitioned between ethyl acetate and saturated aqueous 
sodium chloride. The organic phase was washed sequentially 
with 5 N hydrochloric acid and saturated aqueous sodium 
chloride, dried over sodium sulfate, and concentrated under 
reduced pressure to provide 3 .76 gra (95%) of the title 
compound as a yellow oil. 

Preparation V 
Naphthalene - 2 - boronic acid 
A solution of 15 gm (63.3 mMol) 2-bromonaphthalene in 
100 mL tetrahydrofuran was cooled to -78°C and then 47.4 mL 

(75.9 mMol) n- butyl lithium (1.6 M in hexane) were added* 
After stirring for about 1.5 hours, a solution of 19 mL 

(82.2 mMol) triisopropylborate in 30 mL tetrahydrofuran was 
added via addition funnel. The reaction mixture was allowed 
to warm to room temperature and was stirred for about 18 
hours. The reaction mixture was then partitioned between 
ethyl acetate and 2 N hydrochloric; acid. The phases were 
separated and the organic phase washed with saturated 
aqueous sodium chloride, dried over sodium sulfate and 
concentrated under reduced pressure. The residual solid was 
suspended in hexanes and the mixture subjected to 
sonication. The suspension was then filtered to provide 8.3 
gm (76%) of the title compound as a white solid. 

EXAMPLE 1 
4- (naphth-l-yl)piperidine 

l - benzvi - 4 -hydxu*y- 4 - { aaphtfa - 1 - vl ) slpe* idise 

A solution of 10. G gsi {42-2 rrStol) 1-bromcnaphthalene in 
180 mL tetrahydrofuran was cooled to -78°C and then to this 
solution were added 48.7 mL (63.3 mMol) fisc-butyllithium 
(1.3 BS in uyelGhe*a£e) . After stirring for about 1.5 hours , 
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a solution of 8.2 mL (44.3 mMol) l-benzylpiperidin-4-one in 
To mL t e t rahydr o f u ran was added dropwise and the resulting 
mixture was allowed to warm gradually to room temperature . 
The reaction was then quenched by the addition of 2 N sodium 
hydroxide. The resulting mixture was extracted with diethyl 
ether. The organic extracts were combined, washed with 
saturated aqueous sodium chloride, and concentrated under 
reduced pressure. The residue was subjected to flash silica 
gel chromatography, eluting with dichloromethane containing 
from 0 to 2% methanol. Fractions containing product were 
combined and concentrated under reduced pressure to provide 
4.34 gm (32%) of the desired compound as a white foam. 

1 -benZYl - 4 - (raipfrth- 1 - vl ) = l , 2 , 3 , 6 - tetrahv dropvridine 

A mixture of 2.8 gm (8.8 mMol) 1 -benzyl -4 -hydroxy- 4 - 
(naphth-l-yl)piperidine and 3.36 gm (17.6 mMol) b- 
toluenesulfonic acid in 50 mL toluene was heated at reflux 
for about 18 hours. The reaction mixture was then cooled to 
room temperature and partitioned between ethyl acetate and 2 
N sodium hydroxide. The phases were separated and the 
srganic phase wss &*3>shs5 ^?ith SEt^rsted ci^wCC^s soflitzs 
chloride, dried over sodium sulfate and concentrated under 
reduced pressure to provide 2.47 gm (94%) of the desired 
compound as an orange oil. 

RfidvctiQn/tiYdrpqgnpJyfiiP 

A mixture of 2.47 gm (8.2 mMol) 1 -benzyl -4- (naphth-1- 
yl) -1,2,3,6-tetrahydropyridine and 5% palladium on carbon in 
60 mL ethanol and IS mL trifluoroethanol was stirred at room 
temperature under about 1 atmosphere of hydrogen for 48 
hours. The reaction mixture was filtered through a bed ofc 
GELIxS^ ami the £ titrate way e©iiees££-ated u^der reduced 
pressure. The residue was stifojecteS to flash silica gel 
chromatography, eluting with dichloromethane containing 5% 
meihcttiul «*iuu 1% cutmtujuittia hydxojLxde. FxdcLioxib containing 
prw^M^w Ww-c w^i^s i+nzi concentrated under reduces 
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pressure to provide 0.80 gm (46%) of the title compound as a 

tan waxy solid. 

m.p. - 72-74°C 

MS(FD) : m/e - 211 (M+) 

EA: Calculated for C15B17N: Ifceory: C, 85.26; B, 8.11; N, 
6,63. Pound: C, 85.03? H, 8.17; N, 6.62. 

EXAMPLE 2 
4- (naphth- 2 -yl ) piper idine 
Beginning with 6.0 gm (29 mMol) 2 - bromonaphthalene 9 the 
title compound was prepared substantially as described in 
EXAMPLE 1. 

EXAMPLE 3 
4 - ( 6 - hydroxynaphth - 2 - y 1 ) piper idine 
A mixture of 9.42 gxn (47.1 mMol) potassium hydride (35 
wt. % dispersion in mineral oil) in 180 mL tetrahydrofuran 
was cooled to 0°C and then 10.0 gm (44.8 mMol) 6 -hydroxy- 2- 
bromonaphthalene were added and the reaction mixture was 
stirred for 2 hours. The reaction mixture was then cooled 
to -78°C and then 58 mL (98.6 nMol) tert -butyl lithium (1.7 M 
in pentane) were added. The resulting solution was reacted 
as described in EXAMPLE 1 to provide 0.156 gm of the title 
compound as a tan solid. 

MS(FD) : m/e = 227 (M+) 

EXAMPLE 4 

Sodium 4 - ( 6 - naphth- 2 -yloxy) - 1 , 2 , 3 , 6 - tetrahydropyridine 

hydrate 

T-bgngv l - 4 -hydroxy- 4 - (6 -methoxvnaph fchr2-i£jj^ 

h solution ©f 5.8 mtt* 121 ol s&oi) S-siEthcxy-4- 
bromonaphthalene in 120 mL tetrahydrofuran was first cooled 
to -7B°C ^d then 27.3 mL (46.4 xriMol) ^ect-butyllithium (1.7 
M in pentane) were added and the rebuiciuy buluLiuii etiijLca 
for" about iTff hcursT At "this point a solution of 4.1 
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(22.1 mMol) 1 - benzylpiper idin - 4 - one in 30 mL tetrahydrofuran 
was added and the reaction mixture was allowed to warm 
gradually to room temperature. After 3 hours the reaction 
was quenched by the addition of 2 N sodium hydroxide. The 
resulting mixture was extracted with diethyl ether* The 
organic extracts were combined, washed with saturated 
aqueous sodium chloride, and concentrated under reduced 
pressure. The residue was subjected to flash silica gel 
chromatography, eluting with dichlbromethane containing from 
0 to 2% methanol. Fractions containing product were 
combined and concentrated under reduced pressure. The 
residue was crystallized from ethyl acetate to provide 4.62 
gm (63%) of the desired compound as a white solid. 

4 - hydroxy ; 4 - ( 6 - methoxvnaphth - 2 - vl ) piper idine 

A mixture of 1.0 gm (2.9 rtMol) l-benzyl-4-hydroxy-4- (6- 
methoxynaphth-2-yl)piperidine and 5% palladium on carbon in 
20 mL methanol was stirred at room temperature under about 1 
atmosphere of hydrogen for 6 hours . The reaction mixture 
was filtered through a bed of CELITE$$ and the filtrate was 
eessestrated under reduced prsssurs tc prsvids 0.£4 gz: ;S£%) 
of the desired compound as a white foam. A portion of the 
material was converted to the oxalate salt for analysis, 
m.p. «= 213-215°C 
MS(PD) : m/e ■= 257 (M+) 

BA: Calculated for C16H19NO2-C2H2O4: Theory: C, .62.24; H, 
6.09; N, 4.03. Found: C, 62.17; H, 6.05; N, 3.87. 

Dehvdration/demethvlation 

A mixture of 5,47 gm (21 iriMol) 4 -hydroxy- 4- (6- 

£&sfcha^&aphtb-2-yl)piperidine and 8.4 (74 esMoI) 4S% 
hydrobrsmie aeid is aeetle aeid was stirred at refill 
the reaction was complete. The reaction mixture was cooled 
to roam tenroerature and then concentrated under reduced 
pressure. The residue was treated with sodium hydroxide 
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resulting in the formation of a solid. The suspension was 
filtered and the filter cake washed with toluene followed by 
diethyl ether to provide 4.5 gm (94%) of the title compound 
as a grey solid. 

m.p. - 267-268°C 

MS(FD) : xn/e = 225 (M+) 

EA: Calculated for CisHisNQNa-0.75 H2O: Theory: C, 69.09; 
H, 5.99; N, 5.37. Pound: C, 69.35; H, 6.06; N, 5.31. 

EXAMPLE 5 

4 - ( 6 r methoxynaphth- 2 -yl ) - 1 , 2 , 3 , 6 - tetrahydropyridine hydrate 
1 - tert -butoxvcarbonvl -4 -hydroxy- 4 - ( 6 -me thoxvnaphth - 2 - 
ylloiperidine 

Beginning with 5.68 gm (23.9 mMol) 6-methoxy-2- 
bromonaphthalene and 5.01 gm (25.2 mMol) 1- tert - 
butoxycarbonylpiperidin-4-one, 6.15 gm (72%) of the title 
compound were recovered from a mixture of ethyl acetate and 
hexane as a white solid essentially by the procedure 
described in EXAMPLE 1. 

Dehvdration/deprotegfcian 

A mixture of 2.0 gm (5.6 mMol) l-£ext-butoxycarbonyl-4- 
hydroxy-4- (6-methoxynaphth-2-yl)piperidine and 3.41 gm (17.9 
mMol) p-toluenesulfonic acid in 60 mL toluene was heated at 
reflux for 18 hours. The reaction mixture was cooled to 
room temperature and partitioned between ethyl acetate and 
2N sodium hydroxide. The phases were separated and the 
organic phase washed with saturated aqueous sodium chloride, 
dried over sodium sulfate, and concentrated under reduced 
pressure. The residue was subjected to flash silica gel 
chromatography, e'lutiag with dichleresethaae ssataiaiss 10% 
methanol. Sxaetiess es&taiaiag preduet s?ere ecsibinad and 
concentrated under reduced pressure to provide 0.41 gm of 
t-he title compound as a tan solid. 
MS(PD): = 239 (M+) 
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EA: Calculated for C16H17NO-O .25 H2O: Theory: C, 78.87; 
H, 7.23; N, 5.74. Found: C # 78.71; H, 7.06; N, 5.57. 

EXAMPLE 6 
4- { 6 -ntethoxynaphth- 2 -yl } piperidine 
Beginning with 5.0 gm (21.1 xriMol) 6-methoxy-2- 
bromonaph thai ene and 4.1 rnL (22.1 mMol) l~benzylpiperidin°4~ 
one, the title confound was recovered as a white solid 
substantially by the procedure described in EXAMPLE 1. 

m.p. = 123-125°C 

MS(FD) : m/e - 241 (M+) 

EA: Calculated for C16H19NO: Theory: C, 79.63; H, 7.94; 
N, 5.80. Found: C # 79.58; H, 7.78; N f 5.54. 

EXAMPLE 7 

4 - ( 6 -methylnaphth-2 -yl ) - 1 , 2 , 3 , 6 - tetrahydropyridine 
l-benzvl-4- (6-hvdroxvnaphth-2-vl) -1-2. 3. 6 -tetrahydropyrrole 

A solution of 1.0 gxn (2.9 mMol) 1 -benzyl -4 -hydroxy- 4 - 
( 6 -methoxynaphth- 2 -yl) piperidine and 0.65 mL (5.8 mMol) 48% 
hydrobromic acid in 10 mL acetic acid was heated at reflux 
for 18 hours. The reaction mixture was cooled to room 
temperature, neutralized with 5N sodium hydroxide, and 
extracted well with ethyl acetate. The organic extracts 
were combined, washed with saturated aqueous sodium 
chloride, dried over sodium sulfate, and concentrated under 
reduced pressure. The residual solid was suspended in a 
mixture of ethyl acetate and hexane and the suspension 
sonicated. The suspension was then filtered to provide 0.57 
gm (63%) of the desired compound as a grey solid. 

1 >bongyl-4- Cg-trif l^orgmethanes^lf asYloxynspht h-a-vl* - 

A solution of 4.59 gm (14.6 mMol) 1 -benzyl -4- (6- 

hydrcxynaphth 2 ylj 1,2, 2, S te t rshydrepyr idi ~e in 20 rnL 
pyridine was first cooled to C°C and then 2.5 rL (17.5 uMol# 
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trif luoromethanesulf onic anhydride were added dropwise. The 
reaction mixture was stirred for 18 hours at room 
temperature and then another 1.2 mL of trif luoromethanesul - 
fonic anhydride were added* Once the reaction was complete 
the reaction mixture was poured into water and extracted 
well with ethyl acetate. The organic phases were combined, 
washed with saturated aqueous sodium chloride, dried over 
sodium sulfate , and concentrated under reduced pressure . 
The residue was subjected to flash silica gel 
chromatography, eluting with hexane containing 20% ethyl 
acetate. Fractions containing product were combined and 
concentrated under reduced pressure to provide 4.97 gm (76%) 
of the desired compound as a light yellow oil which 
solidified upon standing in the refrigerator. 

i-benzvl-4- (6-methvlnaphth-2-vl) -1.2.3,6-tetrahvdroiryridine 

A solution of 0.50 gm (1.1 mMol) l-benzyl-4- (6- 
trifluoramethanesulfoxynaphth-2-yl) -1,2,3,6- 
tetrahydropyridine and 0.030 gm (0.06 rriMol) nickel (II) 
chloride ( 1,2 -bis (diphenylphosphino) methane) in 10 mL 

diethyl ether was first eooled t© 0 Q C and then 0.74 mL (2,2 
mMol) methylmagnesium bromide (3 M in diethyl ether) were 
added and the reaction mixture was stirred for 18 hours at 
room temperature. An additional 1.11 mL (3.3 mMol) 
methylmagnesium bromide were added and the reaction stirred 
an additional 18 hours at room temperature. The reaction 
mixture was then quenched by the addition of saturated 
aqueous ammonium chloride. The resulting mixture was 
extracted well with ethyl acetate. The organic phases were 
combined, washed with saturated aqueous sodium chloride, 
dried over sodium sulfcate, and concentrated under reduced 
pressure . The residue was subjected fe© flash silica gel 
chromatography, eluting with hexane containing 5% ethyl 
acetate. Fractions containing product were combined and 
uoiiiieiitratcd under reduced pressure to provide 0.243 gm 
(70%) ot the desired compound as a waxy solid. 
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MS(FD): m/e ~ 313 (M+) 

A mixture of 0.989 gm (3-2 mMol) X-benzyl-4~ fe- 
me thy i napht h - 2 - yl } -1,2, 3*6 - tetrahydr ©pyridine in 15 mT* l f 2° 
dichloroethane was cooled to 0°C and to this mixture were 
gradually added 1*36 mL (12,6 mMol) a-chloroethyl 
chloroformate. The reaction mixture was allowed to warm 
gradually to room temperature and was stirred at reflux for 
about IB hours. The reaction mixture was cooled to room 
temperature and then concentrated under reduced pressure. 
The residue was dissolved in 40 mL methanol and this 
solution stirred at reflux for 4 hours. The mixture was 
cooled to room temperature and concentrated under reduced 
pressure. The residue was partitioned between 100 mL ethyl 
acetate and 50 mL 2N sodium hydroxide. The phases were 
separated and the organic phase was washed with saturated 
aqueous sodium chloride, dried over sodium sulfate and 
concentrated under reduced pressure. The residue was 
subjected to flash silica gel chromatography, eluting with 
dichloromethane containing 9% methanol. Fractions 
containing product were combined and concentrated under 
reduced pressure to provide 0.439 gm (63%) of the title 
confound as a tan solid. A portion was converted to the 
oxalate salt for analysis, 
m.p. - 206-209°C 
MS(FD) : m/e « 223 (M+) 

EA: Calculated for C16H17NO2-C2H2O4: Theory: C, 69.00; H 
6.11; N, 4.47. Pound: C, 69.11; H, 6.23; M, 4.58. 

mzmiM s 

4 - ( 6 - methy Inaphth - 2 - y 1 ) piper idine 
y -benzyl -4 - ( 6 -methoxynaphth- 2 -yU piper idine 

A mixture of 2.92 gm l-benzyi-4- (6-methuxyuaphth-2-yi} 
1,2,3, 5 tctrahydrcpyridi and 0.3 gm platinum oxide in 50 
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znL tetrahydrofuran and 50 mL ethyl acetate was hydrogenated 
at room temperature for 16 hours at an initial hydrogen 
pressure of 60 p.s.i. The reaction mixture was filtered and 
the filtrate concentrated under reduced pressure to provide 

2-71 gm of the title compound as a white solid. 

1 °beu?yl - 4 - ( g - hyflro3cyn?phtft-2-y} ) pjp gr ifl j pe 

A mixture of 2.66 gm (8.0 xriMol) 1- benzyl -4- fe- 
me thoxynaphth- 2- yl)piperi dine and 2.3 mL (20 xhMol) 48% 
hydrobromic acid in 15 mL acetic acid was stirred at reflux 
for about 18 hours. The reaction mixture was cooled and 
then neutralized by the addition of 5N sodium hydroxide. 
The mixture was extracted well with ethyl acetate and the 
combined organic extracts were washed with saturated aqueous 
sodium chloride, dried over sodium sulfate, and concentrated 
under reduced pressure. The residue was suspended in a 
mixture of hexane and ethyl acetate and this suspension was 
subjected to soni cation. The suspension was then filtered 
to provide 2.02 gm (79%) of the desired compound as a tan 
solid. 

1 -benzyl - 4 - ( 6 - t rif luoromethanesulf onvloxvnaphth- 2 - 

YMpiperiflipe 

Beginning with 2.02 gm (6.4 mMol) l-benzyl-4- (6- 
hydroxynaphth-2-yl)piperidine, 1.69 gm (59%). of the desired 
compound were prepared as a waxy solid substantially by the 
procedure of EXAMPLE 7. 

3. : frenzy! - 4 - ( $ ^gthyln^phth- ? -yl ) pjperifljpe 

Beginning with 0.800 gm (1.8 mMol) l-benzyl-4- (6- 

trif luoromethanesulf enyloxynaphth-2-yl)piperidise, Q .400 gsi 
(71%) of the desired compound were prepared as a waxy solid 
subsfcastially hy the greeedu^e ©f EXAMPLE 7. 
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Hyflroaenoivsis 

Beginning with 0.385 gm (1.2 mMol) l-benzyl-4- (6- 

methylnaphth- 2 -yl) piperidine, 0.136 gm (49%) of the title 
compound were prepared as a white solid substantially by the 
procedure of EXAMPLE 1. 
MB (ED): m/e e 225 (M+) 

EXAMPLE 9 
4- ( 6 - ethylnaphth- 2 -yl ) piper idine 
i .hpngyl-*- (6-vinvlnaphth>2-vl)pjperidine 

Beginning with 0.839 gm (1.9 nMol) l-benzyl-4- (6- 
trif luoramethanesulf onyloxynaphth-2 -yl ) piperidine and 3 . 73 
mL (3.7 mMol) vinylmagnesium bromide (1M in tetrahydro- 
furan) , 0.394 gm (65%) of the desired compound were prepared 
as a waxy white solid substantially by the procedure of 
EXAMPLE 7. 

R^yction/HvdroQenolvBis 

Beginning with 0.394 gm (1.2 mMol) l-benzyl-4- (6- 

vinylnaphth- 2 -yl) piperidine, 0.155 gm (54%) of che title 
compound were prepared as a white solid substantially by the 
procedure of EXAMPLE 1. 

m.p. - 112-114°C 

MS(FD) : m/e « 239 (M+) 

EXAMPLE 10 
cis - 2 -methyl - 4 - ( naphth - 2 - yl ) piperidine 
trams - 2 -methyl - 4 - (naphth- 2 -yl ) piperidine 

i^llgnQ3gycarbonvl-2-methvl-4- (naphth-2-vl) -1.2.3.6- 

A fixture ot Sc46 gffi (31 * 8 mMol) naphthalene - 2 -boronic 
acid, 8.2S gm (22.7 mMol) l-phenoxycarbonyl-2-methyl-4- 
tritiuoromethatiefauif Oiiyle^-l, 2 , 3 , S-tet^ahydropyzi3i*ie, 
0,741 giii (0.91 iTiMol) palladium (II) diphcnylphcsphinc 



WO 99/65487 PCTAJS99/12473 

31 

ferrocenyl chloride, and 2.88 gm (G8 mMol) lithium chloride 
in 25 znL 2M aqueous sodium carbonate and 96 mL dimethoxyeth- 
ane was heated at reflux for about IB hours. The reaction 
mixture was cooled to room temperature and was diluted with 
ethyl acetate and saturated aqueous sodium carbonate* The 
phases were separated and the organic phase was washed with 
saturated aqueous sodium chloride, dried over sodium sulfate 
and concentrated under reduced pressure. The residue was 
subjected to flash silica gel chromatography, eluting with 
hexane containing 10% ethyl acetate. Fractions containing 
product were combined and concentrated under reduced 
pressure to provide 3.87 gm (50%) of the title conqpound as a 
viscous oil. 

cis- and tranB'l'Phenoxvcarbonvl-2-methvl-4- (naphth-2- 
yllpiperidine 

A mixture of 3.87 gm (11.3 itiMol) l-phenoxycarbonyl-2- 
methyl-4- (naphth-2-yl) -1,2,3,6-tetrahydropyridine and a 
catalytic amount of 5% palladium on carbon in 50 mL methanol 
was stirred at room temperature under about 1 atmosphere of 
hydrogen for about 18 hours. The reaction mixture was 
filtered through a bed of CELITE$ and then concentrated 
under reduced pressure to provide 3.42 gm (88%) of the 
desired compound as a viscous oil. 

Denrotection and separation of cis- /trans- isotyerg 

A mixture of 3.42 gm (9.9 mMol) fiifi- and trans -1- 
phenoxycarbonyl-2-methyl-4- (naphthr2-yl)piperidine and 59 gm 
potassium hydroxide in 75 mL isopropanol and 75 mL water was 
stirred at reflux for 72 hours. The reaction mixture was 
cooled and diluted with ethyl acetate 0 The phases were 
separates and the organic phase was washed with saturated 
aqueous sodium chloride, dried over sodium sulfate and 
concentrated under reduced pressure. The residue was 
fcubjeetea to flash silica gel chromatography, elutisg with 
diefel Drome thane containing about 17% methanol 0 
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Fractions containing the faster eluting isomer were 
combined and concentrated under reduced pressure to provide 
0.872 gm (39%) of £ifi-2-methyl-4- (naphth-2-yl)piperidine as 
an oil. A portion was converted to the oxalate salt for 
analysis . 

m.p. « 257-259°C 
MS(FD) : m/e = 225 

Fractions containing the slower eluting isomer were 
combined and concentrated under reduced pressure to provide 
0.368 gm (16%) of trans - 2 -methyl - 4 - (naphth- 2 -yi ) piper idine 
as an oil. A portion was converted to the oxalate salt for 
analysis. 

MS(FD) : m/e - 225 (M+) 

EXAMPLE 11 . 

2 -methyl -4- (6-methoxynaphth-2-yl) -1, 2, 3, 6 -tetrahydropyridine 
I -ptienoxvcarbonvl - 2 -methvl - 4 - ( 6 -methoxvnaphth- 2 - vl ) - 1 , 2 , 3 , 6 - 

tefrrefrvflrgpyrtoine 

Beginning with 3.72 gm (18.4 mMol) 6-methoxynaphtha- 
lene-2-boronic acid and 5.60 gm (15.3 mMol) 1-phenoxy- 
carbonyl - 2 - methyl - 4 - t r i f luoromethanesul fonyloxy- 1,2,3,6- 
tetrahydropyridine, 4.0 gm (70%) of the desired compound 
were prepared substantially as described in EXAMPLE 10. 

pqprptection 

Beginning with 3.82 gm (10.3 nMol) l-phenoxycarbonyl-2- 
methyl - 4 - ( 6 -methoxynaphth- 2 -yl ) - 1 , 2,3,6- tetrahydropyridine , 
1.74 gm (67%) of the title compound were prepared as a light 
tan solid substantially as described in EXAMPLE 10. 

EXAMPLE 12 

2-etkyl-4- (naphth-2-yl) -l ? 2.3,6-tetrahyarotetrahydropyridine 
l - phenoxvcarbonvl - 2 - etfavl - 4 - ( naphth -2-yl)"-l„2.3.6- 
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Beginning with 3.62 gm (21.1 inMol) naphthalene- 2- 
boronic acid and 5.70 gm (15.0 mMol) 1 - phenoxy carbony 1 - 2 - 
ethyl - 4 - trif luoromethanesul f onyloxy- 1,2,3,6- 
tetrahydropyridine, 4.04 gm (75%) of the desired compound 
were prepared substantially as described in EXAMPLE 11 . 

P?pr Qtectiop 

Beginning with 4.04 gm (11.3 mMol) 1 - phenoxycarbonyl - 2 - 
ethyl-4- (naphth-2-yl) -1,2,3, 6-tetrahydropyridine, 1.41 gm 
(52%) of the title compound were prepared as an oily solid 
substantially as described in EXAMPLE 11. 

EXAMPLE 13 

l - tert - but oxv carbony 1 - 4 - (naphth - 2 -yl ) methylpiperidine 
i -tert-but oxvcarbonvl-4- (a- (naohth-2-vl) -a- (hydroxy) - 
TTipf.hvllPiperifline 

Beginning with 2.0 gm (9.7 mMol) 2-bromonaphthalene and 
2.16 gm (10.1 mMol) 1 - tert - butoxvcarbonyl - 4 - f ormylpiperi - 
dine, 1.9 gm (58%) of the desired compound were prepared as 
an off-white solid substantially by the procedure as 
described in EXAMPLE 1. 

p ff fr Ydroxvlation/deprotection 

A mixture of 1.9 gm (5.6 mMol) 1 - tert - but oxy carbony 1 - 4 - 

(ot-(naphth-2-yl) -a- (hydroxy) methyl) piper idine, 2.2 mL (13.9 
mMol) triethylsilane, and 15 mL trifluoroacetic acid was 
stirred at room tenqperature for about 2 hours. The reaction 
mixture was concentrated under reduced pressure and the 
residue partitioned between ethyl acetate and 5N 
hydrochloric acid. The aqueous pfe^se was escfcracteS with, two 
values of ethyl acetate. The remaining aqueous phase was 
made basic fcy the addition of 55? sodium hydroxide, and was 
then extracted well with ethyl acetate. These ethyl aeetate 
extracts were combined, washed with saturated aqueous sodium 
chloride, dried over sodium sulfate and concentrated imder 
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reduced pressure. The residue was subjected to flash silica 
gel chromatography, eluting with dichloromethane containing 
about 17% methanol. Fractions containing product were 
combined and concentrated under reduced pressure to provide 
0.862 gin (69%) of the title compound as a white waxy solid. 

A portion of the product was converted to the oxalate 
salt for analysis. 

m.p. - 1S6°C 

MS(FD) : m/e <= 225 (M+) 

EA: Calculated for C16H19N-C2H2O4 : Theory: C, 68.55? H, 
6.71; N, 4.44. Found: C, 68.49; H, 6.71; N, 4.26. 

EXAMPLE 14 

4- (quinolin-2-yl) -1,2,3, 6-tetrahydropyridine 

I - 1 t = but pxy wrbppyl - 4 - ( quingl in- 2 - yi ) zl ■ 3 ■ 3 , 6 - 

A mixture of 0.800 gm (4.9 mMol) 2-chloroquinoline, 
1.62 gm (4.9 mMol) l-£fi££-butoxy-4-trif luoromethanesulf onyl- 
oxy- 1,2, 3, 6-tetrahydropyridine, 1.75 gm (4.9 rtMol) 
hexamethylditin, 0.622 gm (14.7 rtMol) anhydrous lithium 
chloride, and 0.283 gm (0.24 rrMol) tetrakis [triphenylphcs- 
phine] palladium (0) in dioxane was stirred at reflux for 
about 16 hours. The reaction mixture was cooled to room 
temperature and then poured into saturated aqueous potassium 
fluoride. The mixture was then diluted with ethyl acetate 
and stirred for about 2 hours. The phases were separated 
and the organic phase washed with saturated aqueous sodium 
chloride, dried over magnesium sulfate, and concentrated 
under reduced pressure. The residue was subjected to flash 
silica gel chromatography, eluting with hexane containing 
about 6% ethyl acetate 0 Fractions co^tai^i^g prefect were 
e^sbised s«di sssceEtrafceS smder reduced pressure to provide 
0.632 gm of the desired confound as a light yellow oil. 
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A mixture of 0.632 gm (2.0 mMol) 1 - tert - but oxy carbonyl - 
4- (quinolin-2-yl) -1,2,3, 6-tetrahydropyridine, 5 mL 
trifluoroacetic acid, a drop of thiophenol , and 5 mL 
dichloromethane was stirred at room temperature for about 5 
hours- The reaction mixture was concentrated under reduced 
pressure and the residue partitioned between ethyl acetate 
and 2N sodium hydroxide. The phases were separated and the 
organic phase washed with saturated aqueous sodium chloride, 
dried over sodium sulfate, and concentrated under reduced 
pressure to provide 0.268 gm (63%) of the title compound as 
a light yellow wax. 

A portion was converted to the oxalate salt for 
analysis . 

MS(FD) : m/e - 210 (M+) 

EA: Calculated for C14H14N2-C2H2O4: Theory: C, 63.99; H, 
5.37; N, 9.33. Found: C, 64.13; H, 5.60; N, 9.57. 

EXAMPLE 15 

4~ (4 - chlorcbenzothiasol- 2 -yl } -1,2,3,6- tetrahydropyridine 
l - i-grt -butoxvcarbonvl- 4 - (4 - chlorobenzothiazol - 2 - vl ) - 1 . 2 . 3 . 6 - 

tetrenvflropyrifline 

Beginning with 2.0 gm (10 mMol) 2, 4-dichlorobenzothia- 
zole and 3.58 gm (10.8 mMol) 1 - tert -butoxy- 4 - trif luorometh- 
anesulfonyloxy-1,2, 3, 6-tetrahydropyridine, 2.16 gm (63%) of 
the desired compound were prepared as a light yellow waxy 
solid substantially by the procedure described in EXAMPLE 
14. 

m.p. - 9S-10i°e 

Ehz Calculated for C17H19N2O2SCI s Theory 2 C 9 55.20? H 5 
5o4S? N ? 7.98. Found: C, 58.43? H, 5.55; 8.01. 
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Deprotection 

Beginning with 0.805 gm (2.3 mMol) 1- tert - 
butoxycarbonyl-4- (4-chlorobenzothiazol-2-yl) -1,2,3,6- 
tetrahydropyridine, 0.497 gm (86%) of the title compound 
were prepared as an off-white solid substantially by the 
procedure described in EXAMPLE 14. 

m.p. « 112-114°C 

MS(FD) : m/e « 250 (M+) 

EA: Calculated for C12H11N2SCI: Theory: C, 57.48; H, 
4.42; N, 11.17. Found: C, 57.78; H, 4.48; N, 11.04. 

EXAMPLE 16 

4- (6-chlorobenzothiazol-2-yl) -1,2,3, 6 -tetrahydropyridine 
1 - tert -butpxvrarbpnyl - 4 - ( 6 - chlorobenzothiazol -2-vl)-i.2.3.6- 

Beginning with 2.0 gm (10 iriMol) 2,6-dichlorobenzothia- 
zole and 3.91 gm (11.8 iriMol) l-Jt£Et-butoxy-4-trif luorometh- 
anesulfonyloxy- 1,2, 3, 6 -tetrahydropyridine, 1.77 gm (51%) of 
the desired compound were prepared as a waxy solid 
substantially by the procedure described in EXAMPLE 14 a 
EA: Calculated for C17H19N2O2SCI : Theory: C, 58.20; H, 
5.46; N, 7.98. Found: C # 57.90; H, 5.48; N, 8.01. 

^protection 

Beginning with 0.408 gm (1.2 mMol) 1- terfc - 
butoxycarbonyl-4- (6- chlorobenzothiazol- 2 -yl) -1,2,3,6- 
tetrahydropyridine, 0.158 gm (54%) of the title confound 
were prepared as an off-white solid substantially by the 
procedure described in EXAMPLE 14 0 

— _ „ *scOr» 

MS (TO): 5i/e 250 (M+) 

EA: Calculated for C12H11N2SCI: Theory: C, 57. 4S; H, 
4.42; N, 11.17. Found: C, 57.19; H, 4.63; N, 11.01. 
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EXAMPLE 17 
4 - ( 6 - chlorobenzothiazol - 2 - yl ) piperidine 
l - tert - butoxvcarbonvl - 4 - ( 6 - chlorobenzothiazol - 2 - 

vll piperidine 

A mixture of 0.939 gm (2,7 mMol) i-£££t-butoxycarbonyl- 
4- ( 6 - chlorobenzothiazol - 2 -yl ) -1,2,3,6- tetrahydropyridine and 
a catalytic amount of platinum oxide in 20 mL methanol was 
stirred at room temperature under about l atmosphere of 
hydrogen for about 3 hours. The reaction mixture was 
concentrated under reduced pressure, the residue dissolved 
in a minimal volume of ethyl acetate, and the mixture 
filtered through a bed of flash silica gel, eluting with 1:1 
hexane: ethyl acetate. The filtrate was concentrated under 
reduced pressure to provide 0.663 gm (70%) of the desired 
compound as a light. tan oil. 

Deprotection 

Beginning with 0.663 gm (1.9 mMol) 1 - tert - but oxy carbon- 
yl-4- (6 -chlorobenzothiazol- 2 -yl) piperidine, 0.263 gm (55%) 
of the title compound were recovered as an off-white solid, 

substantially as described in EXAMPLE 14 . 

m.p. « 115-117°C 
MS(FD) : m/e - 252 (M+) 

EA: Calculated for C12H13N2SCI-O.5 H 2 0: Theory: C, 55.06; 
H, 5.39; N, 10,70. Pound: C, 55.27; H, 5.11; N, 10.77. 

EXAMPLE 18 

pis - and trans - 2 - ethyl - 4 - (naphth- 2 -yl) piperidine 
Beginning with 1.41 gm (5.9 mMol) 2-ethyl-4- (naphth-2- 

yi) -1,2, 3,6- tetrahydropyridine, the title compounds were 
isolated essentially Seseribed is EXAMPLE 10. 

rig - 2 - ethyl -4- ( naphth - 2 - y 1 ) piperidine 

?r£cticnc cent dining the factor c luting iscmsr t?cro 
combined and concentrated under reduced pressure to provide 
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0.392 gm (28%) of the cig- isomer. A portion was converted 
to the oxalate salt. 

m.p. «= 186°C 

M3(FD) : m/e - 239 (M+) 

trans - 2 - ethyl - 4 - ( naphth - 2 - yl ) piper idine 

Fractions containing the slower eluting isomer were 
combined and concentrated under reduced pressure to provide 
0.387 gm (27%) of the trans - isomer . A portion was converted 
to the oxalate salt. 
MS(FD): m/e <= 239 (M + ) 

EXAMPLE 19 

cis - and trans -2 - methyl - 4 - ( 6 -methoxynaphth- 2 - vl ) piper idine 
Beginning with 1.74 gm (6.9 mMol) 2-methyl-4- (6- 
methoxynaphth- 2 -yl) -1,2,3,6-tetrahydropyridine, the title 
compounds were isolated essentially as described in EXAMPLE 
18. 

qis-2 - methyl - 4 - ( 6 - methoxynaphth - 2 - yl ) piper idine 

Fractions containing the faster eluting isomer were 
combined and concentrated under reduced pressure to provide 
0.636 gm (36%) of the cis -isomer as a waxy solid. A portion 
was converted to the oxalate salt. 

m.p. = 257-259°C 

MS(FD) : m/e - 255 (M + ) 

trans - 2 - methyl - 4 - ( 6 - methoxynaphth - 2 - yl ) piper idine 

Fractions containing the slower eluting isomer were 

eesrJsincd and concentrated under reduced pressure to provide 
Q.lll gm (41%) of the trans -isomer. A portion was converted 
to the oxalate salt* 
m.p. = 183-18S°C 

: w/e - 255 (K*/ 
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EXAMPLE 20 

fiifi- and trang - 2 -methyl - 4 - (benzof ur- 2 - yl ) piperidine 
1 - phenoxvcarbonvl - 2 - methvl - 4 - (benzof ur- 2 - vl ) - 1 . 2 , 3 , 6 - 
tetrahydropvridine 

A mixture of 2.02 gm (12-5 mMol) benzof uran- 2 -boronie 
acid, 3.5 gm (9.6 mMol) 1 -phenoxycarbonyl - 2 -methyl - 4 - 
trif luoromethanesulf onyloxy- 1,2,3,6- tetrahydropyridine , 
0.443 gm (0.38 mMol) tetrakis ttriphenylphosphine] - 
palladium (0) , and 1.22 gm (28. 8 mMol) lithium chloride in 55 
mL dimethoxyethane and 15 mL 2M aqueous sodium carbonate was 
stirred at reflux for about 18 hours. The reaction mixture 
was cooled to room temperature and then partitioned between 
ethyl acetate and aqueous sodium carbonate. The phases were 
separated and the organic phase was washed with saturated 
aqueous sodium chloride, dried over sodium sulfate, and 
concentrated under reduced pressure. The residue was 
subjected to flash silica gel chromatography, eluting with 
hexane containing 10% ethyl acetate. Fractions containing 
product were combined and concentrated under reduced 
pressure to provide 2.87 gm (90%) of the desired compound as 
a light yellow oil 0 

cis- and trans- 1- phenoxvcarbonvl -2 -methvl-4- (benzof ur-2- 
yl) pineridine 

Beginning with 1.73 gm (5.2 mMol) 1 - phenoxy carbony 1 - 2 - 
me thyl -4- (benzof ur- 2 -yl) -1,2,3, 6 -tetrahydropyridine, 1.19 gm 
(68%) of the desired compounds were prepared as a viscous 
oil substantially by the procedure described in EXAMPLE 10. 

Deprotection and separation of cis- /trans- isomers 

Beginning with 0.99 gm (3.0 xriMol) eia- axid 
phe^o^f carbony 1 2 methyl - 4 - (bens of ur - 2 -yl ) piperidine , the 
title compounds were prepared essentially as described in 
EXAMPLE 10. 

Fraction* containing the faster elufeiag $&Qm*T -were 
combined and concentrated under reduced pressure to provide 
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0.199 gin (31%) of cia -2 -methyl - 4 - (benzof ur - 2 -yl ) piperidine 
as an oil. 

Fractions containing the slower eluting isomer were 

combined and concentrated under reduced pressure to provide 
0.170 gm (27%) of trang-2 -methyl -4 - (benzofur- 2 -yl) piperidine 
as an oil. 

MS(FD) : m/e «* 215 (M + ) 

EXAMPLE 21 

cis - and trans - 2 -methyl - 4 - ( 4 - f luorobenzothiazol - 2 - 

yl) piperidine 

1 - t e rt~butoxvcarbonvl-2-methvl-4- (4 -f luorobenzothiazol -2- 
y 1 1- 1 , 2 , 3 , 6 - tetrahydropyridine 

Beginning with 1.0 gm (5.4 rtMol) 2-chloro-4-fluoro- 
benzothiazole and 2.0 gm (5.66 mMol) 1 - 1 ert - butoxy -2- methyl - 
4 - trif luoromethanesulf onyloxy- 1,2,3,6- tetrahydropyridine , 
1.2 gm (72%) of the desired compound were prepared as a 
yellow amorphous solid substantially by the procedure 
described in EXAMPLE 14. 
MS(FD): m/e * 349 (M+l) 

mi Calculated for Ci8H2iN20 2 SFs Theory: C, 62.05? H, 
6.07; N, 8.04. Found: C, 61.88; H, 5.86; N, 8.01. 

protection 

Beginning with 1.2 gm (3.8 mMol) 1 - tert -butoxycarbonyl - 

2- methyl-4- (4-fluorobenzothiazol-2-yl) -1,2,3,6- 
tetrahydropyridine, 0.79 gm (84%) of 2 -methyl -4- (4- 

f luorobenzothiazol - 2 -yl ) - 1 , 2 , 3 , 6 - tetrahydropyridine were 
prepared as a yellow oil substantially by the procedure 
described in EXAMPLE 14 * 
Vm{¥B)z a/e = 249 

gfts Calculated for C13HX3K2SF 0 .2 K 2 ° 5 Theory: C, 61.28; 
H, So36: N, 11.12. Pound: C, 62„36; H, 5.43? N ff lX e 33„ 
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Reduction 

A mixture of 0.69 gm (3.0 rrtMol) 2 -methyl -4- (4- 
£ luorobenzothiazol -2-yl)-l,2,3,6- tetrahydropyridine and 0 . 03 
gm platinum oxide in 20 mL ethanoi was hydrcgenated at one 
atmosphere at room temperature for 20 hours. The reaction 
mixture was filtered and the filtrate concentrated under 
reduced pressure. The resulting residue was subjected to 
silica gel chromatography essentially as described in 
EXAMPLE 10. 

Fractions containing the faster eluting isomer were 
combined and concentrated under reduced pressure to provide 
0.27 gm (34%) £ia-2 -methyl - 4 - (4 - f luorobenzothiazol -2 - 
yDpiperidine. 
MS (FD) : m/e - 251 (M+l) 

Fractions containing the slower eluting isomer were 
combined and concentrated under reduced pressure to provide 
0.24 gm (31%) ££an&-2-methyl-4- (4- f luorobenzothiazol- 2 - 
yDpiperidine. 
MS(FD): m/e « 251 (M+l) 

SAs Calculated fsr CisHisSs&F-H^ Theory: C, Zl ff 
6.39; N, 10.44. Found: C, 58.57; H, 6.38; N, 10.10. 

EXAMPLE 22 

£16- and tsaaa-2 -methyl -4- (4-methylbenzothiazol-2- 

yl)piperidine 

l - tert-butoxvcarbonvl - 2 -methvl - 4 - (4 -methvlbenzot hiazol - 2 - 
yl ) - 1 . 2 , 3 , 6 - tetrahvdropvridine 

Beginning with 1.0 gm (5.7 mMol) 2-chloro-4-methyl- 
benzothiazole and 2.1 gm (6.0 mMol) 1- t££t -but oxy- 2 -methyl - 

4 - tritiuoromethanesuif onyloxy- 1,2,3,6- fcetrahydxopyiridiae , 
1.3 of ths desired costeound were prepared ao a 

yellow amorphous solid substantially by the procedure 
described is EXAMPLE 14. 
MS(H» : 2*/e - 345 m+l) 
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EA: Calculated for C19H24N2O2S: Theory: C, 66.25; H, 
7.02; N, 8.13. Pound: C, 66.13; H, 7.19; N, 8.12. 

Beginning with 1.3 gm (3.8 mMol) l-££££-butoxycarbonyl« 
2 -methyl -4- (4-methyIbenzothiazoI~2-yi) -1, 2, 3,6- 
t e t rahydropyridine $ 0.74 gm (85%) of 2 -methyl -4- (4- 
methylbenzothiazol-2-yl) -1; 2, 3, 6,- tet rahydropyridine were 
prepared as a yellow oil substantially by the procedure 
described in EXAMPLE 14. 
MS(PD) : m/e - 245 (M+l) 

EA: Calculated for C14H16N2S: Theory: C, 68.81; H, 6.60; 
N, 11.46. Pound: C # 68.60; H, 6.56; N, 11.26. 

freducfripq 

A mixture of 0.72 gm (2.9 iriMol) 2 -methyl -4- (4- 
methylbenzothiazol - 2 -yl ) - 1 , 2 , 3 , 6 - tetrahydropyridine and 0 . 7 
gm platinum oxide in 25 wL ethanol was hydrogenated at one 
atmosphere at room temperature for 20 hours. The reaction 
mixture was filtered and the filtrate concentrated under 
reduced pressure. The resulting residue was subjected to 
silica gel chromatography essentially as described in 
EXAMPLE 10. 

Fractions containing the faster eluting isomer were 
combined and concentrated under reduced pressure to provide 
0.19 gm (27%) cis - 2 -methyl - 4 - ( 4 -methylbenzothiazol - 2 - 
yl ) piperidine . 
MS(FD): m/e = 246 (M+) 

EA: Calculated for C14H18N2S: Theory: C, 68.25; H, 7.36; 

N, 11.37. Pound: C, 68.45; H, 7.60; N, 11.48. 

Frastieas eentaisisg the sieger elutiag issnsr were 
combined and concentrated under reduced pressure tu provide 
Do 13 gm (18%) trans - 2 -methyl - 4 - ( 4 -methylbenzothiazol - 2 - 

MS {FD} : m/e *■ 247 (M+i ) 
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EA: Calculated for C14H18N2S: Theory: C, 68.25; H, 7.36; 

N, 11.37. Found: C, 68.26; H, 7.57; N, 11.45. 

The efficacy of the compounds of Formula I to Inhibit 
the reuptake of serotonin has been determined by a 
paroxetine binding essay, the usefulness of which is set out 
by Wong, et al . , Neuropsy ehopharmacology , 1, 23-33 (1993). 
Synaptosomal preparations from rat cerebral cortex were made 
from the brains of 100-150 g Sprague-Dawley rats which were 
killed by decapitation. The cerebral cortex was homogenized 
in 9 volumes of a medium containing 0.32 M sucrose and 20 /xM 
glucose. The preparations were resuspended after 
centrifugation by homogenizing in 50 volumes of cold 
reaction medium (50 fM sodium chloride, 50 /iM potassium 
chloride, pH 7.4} and centrifuging at 50,000 g for 10 
minutes. The process was repeated two times with a 10- 
minute incubation at 37°C between the second and third 
washes. The resulting pellet was stored at -70°C until use. 
Binding of 3 H-paroxetine to 5-HT uptake sites was carried 
out in 2 ml reaction medium containing the appropriate drug 
concentration, 0.1 nM %- paroxetine, and the cerebral 
cortical membrane (50 pg protein/tube) . Samples were 
incubated at 37 °C for 30 minutes; those containing 1 pM 

fluoxetine were used to determine nonspecific binding of 3 H- 
paroxetine. After incubation, the tubes were filtered 
through Whatman 6F/B filters, which were soaked in 0.05% 
polyethylenimine for 1 hour before use, using a cell 
harvester by adding about 4 ml cold Tris buffer (pH 7.4) , 
aspirating, and rinsing the tubes three additional times. 
Filters were then placed in scintillation vials containing 
1Q &l seiatillation fluid, and the radioactivity ^as 
measured by liquid esiatiliatiss egeetreghetemstry. 

Results of testing representative compounds of Formula 
J hythpi above method showed potent reuptake activity, in 
some cases activity in the low nanomolar range. 
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The pharmacological activities which have been 
described immediately above provide the mechanistic basis 
for the pharmaceutical utility of the compounds described in 
this document, h number of pharmaceutical utilities will be 
described below . 

Throughout this document, the person or animal to be 
treated will be described as the "subject" , and it will be 
understood that the most preferred subject is a human. 
However, it must be noted that the study of adverse 
conditions of the central nervous system in non -human 
animals is only now beginning, and that some instances of 
such treatments are coming into use. For example, 
fluoxetine, and perhaps other serotonin reuptake inhibitors, 
are being used in companion animals such as dogs for the 
treatment of behavioral problems and the like. Accordingly, 
use of the present compounds in non- human animals is 
contemplated. It will be understood that the dosage ranges 
for other animals will necessarily be quite different from 
the doses administered to humans, and accordingly that the 
dosage ranges described below in the section on tobacco 
withdrawal j^ust ^eal^ulstsi . c-scsr^plc, & ^ail 

may be only l/10th of a typical human's size, and it will 
therefore be necessary for a much smaller dose to be used. 
The determination of am effective amount for a certain non- 
human animal is carried out in the same manner described 
below in the case of humans, and veterinarians are well 
accustomed to such determinations. 

Further, the activity of compounds of Formula I in the 
inhibition of the reuptake of serotonin provides a method of 
inhibiting the reuptake of serotonin comprising 
administering to a s^bjeet in need of si?ch treatisest 
effective amount of a compound of that formula. It is now 
knows that numerous physiological and therapeutic benefits 
are obtained through the administration of drugs which 
inhibit the reuptaKe of serotonin. The treatment ot 
depression with dicuga of the clays of whieh £ luo^etiae ia 



WO 99/65487 



45 



PCT/US99/12473 



the leader has become perhaps the greatest medical 
breakthrough of the past decade. Numerous other treatment 
methods carried out by the administration of the compounds 
of Formula I will be set out in detail below. Again, the 
effective amount of a compound for the inhibition of 
serotonin reuptake, or for a specific therapeutic method 
which depends on the inhibition of reuptake, is determined 
in the manner described below under the heading of smoking 
withdrawal . 

Depression in its many variations has recently become 
much more visible to the general public than it has 
previously been. It is now recognized as an extremely 
damaging disorder, and one that afflicts a surprisingly 
large fraction of the human population. Suicide is the most 
extreme symptom of depression, but millions of people, not 
quite so drastically afflicted, live in misery and partial 
or complete uselessness, and afflict their families as well 
by their affliction. The introduction of fluoxetine was a 
breakthrough in the treatment of depression, and depress ives 
are now much more likely to be diagnosed and treated than 
they were only a deeade ago. SuiGxetira is in clinical 
trials for the treatment of depression and is likely to 
become a marketed drug for the purpose. 

Depression is often associated with other diseases and 
conditions, or caused by such other conditions. For 
example, it is associated with Parkinson v s disease; with 
HIV; with Alzheimer's disease; and with abuse of anabolic 
steroids. Depression may also be associated with abuse of 
any substance, or may be associated with behavioral problems 
resulting from or occurring in combination with head 
injuries, mental retardation or stroke. Depression in ail 
its ^ariatiess is a preferred target of treats«ent with tkxe 
present adjunctive therapy method and compositions. 

Obsessive- compulsive disease appears in a great vaxieLy 
of degrees smd CYzptczs, generally linked by the victirs'e 
uncontrollable urge to perform needless, ritualistic acts. 
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Acts of acquiring, ordering, cleansing and the like, beyond 
any rational need or rationale, are the outward 
characteristic of the disease. A badly afflicted subject 
may be unable to do anything but carry out the rituals 
required by the disease . Fluoxetine is approved in the 
United States and other countries for the treatment of 
obsessive- convulsive disease and has been found to be 
effective. 

Obesity is a frequent condition in the American 
population. It has been found that fluoxetine will enable 
an obese subject to lose weight, with the resulting benefit 
to the circulation and heart condition, as well as general 
well being and energy. 

The present treatment methods are useful for treating 
many other diseases, disorders and conditions as well, as 
set out below. In many cases, the diseases to be mentioned 
here are classified in the International Classification of 
Diseases, 9th Edition (ICD) , or in the Diagnostic and 
Statistical Manual of Mental Disorders, 3rd Version Revised, 
published by the American Psychiatric Association (DSM) . In 
such cases , the ICD ©r DSM code nw&ezo are supplied below 
for the convenience of the reader. 

depression, ICD 296.2 & 296.3, DSM 296, 294.80, 293.81, 

293.82, 293.83, 310.10, 318.00, 317.00 

migraine 

pain, particularly neuropathic pain 
bulimia, ICD 307.51, DSM 307.51 

premenstrual syndrome or late luteal phase syndrome, 
DSM 307.90 

alcoholism, ICD 305.0, DSM 305.00 & 303.90 

tobacco abuse, ICD 305.1, DSM 305.10 & 292.00 
panic disorder, ICD 300.01, DSM 300. 01 & 3G0.21 
aaxiety, ICD 3CC.C2, DSM 3CC.CC 
pest-trauxnatie syndrome , DSM 309.89 
memory loss, DSM 294*00 
^Pjnentia ofc aging, it^J 290 
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social phobia, ICD 300.23, DSM 300.23 

attention deficit hyperactivity disorder, ICD 314.0 

disruptive behavior disorders, ICD 312 

impulse control disorders, ICD 312, DSM 312.39 & 312.34 

borderline personality disorder, ICD 301.83, DSM 301.83 

chronic fatigue syndrome 

premature ejaculation, DSM 302.75 

erectile difficulty, DSM 302.72 

anorexia nervosa, ICD 307.1, DSM 307.10 

disorders of sleep, ICD 307.4 

autism 

mutism 

trichotillomania 

While it is possible to administer a compound 
employed in the methods of this invention directly 
without any formulation, the compounds are usually 
administered in the form of pharmaceutical compositions 
comprising a pharmaceutical ly acceptable excipient and at 
least one active ingredient. These compositions can be 
administered by a variety of routes including oral, 

intramuscular, and intranasal. Many of the compounds 
employed in the methods of this invention are effective 
as both injectable and oral compositions. Such 
compositions are prepared in a manner well known in the 
pharmaceutical art and comprise at least one active 
compound. See, e.g. . Remington ! s Pharmaceutical Sciences , 
(16th ed. 1980) . 

In making the compositions employed in the present 
invention the active ingredient is usually mixed with an 
excipient, diluted by an excipient cr enclosed within 
such a carrier which eaa be in fehe fozm of a cape-ale s 
sachet, paper ©r other eoataiaerc Whaa the e^eipieat 
serves as a diluent, it can be a solid, senii-solid, or 
Liquid material , which acts as a vehicle, carrier or 
medium for the active ingredient. Thus, the c depositions 
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can be in the form of tablets, pills, powders, lozenges, 
sachets, cachets, elixirs, suspensions, emulsions, 
solutions, syrups, aerosols (as a solid or in a liquid 
medium) , ointments containing for example up to 10% by 
weight of the active compound, soft and hard gelatin 
capsules, suppositories, sterile injectable solutions, 
and sterile packaged powders. 

In preparing a formulation, it may be necessary to 
mill the active compound to provide the appropriate 
particle size prior to combining with the other 
ingredients. If the active compound is substantially 
insoluble, it ordinarily is milled to a particle size of 
less than 200 mesh. If the active compound is 
substantially water soluble, the particle. size is 
normally adjusted by milling to provide a substantially 
uniform distribution in the formulation, e.g. about 40 
mesh. 

Some examples of suitable excipients include 
lactose, dextrose, sucrose, sorbitol, mannitol, starches, 
gum acacia, calcium phosphate, alginates, tragacanth, 

gelatin, calciur. silicate, rrlcrccrystallins csllulcss, 
polyvinylpyrrolidone, cellulose, water, syrup, and methyl 
cellulose. The formulations can additionally include: 
lubricating agents such as talc, magnesium stearate, and 
mineral oil; wetting agents; emulsifying and suspending 
agents; preserving agents such as methyl- and 
propylhydroxybenzoates ; sweetening agents; and flavoring 
agents. The compositions of the invention can be 
formulated so as to provide quick, sustained or delayed 
release of the active ingredient after administration to 
the patient by employing procedures known in the art. 

The eer»p©siti€Ms a^e preferably £ ©related i& a uait 
dcsajjs forn* eacfe dosage containing fros* about 0*05 to 
about 100 mg, more usually about 1.0 to about 30 mg, of 

the active iuy x eGifeuL . The itiXiU "Uiiii tlobaye I^iui" 

refers to physically discrete units suitable as unitary 
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dosages for human subjects and other mammals, each unit 
containing a predetermined quantity of active material 
calculated to produce the desired therapeutic effect, in 
association with a suitable pharmaceutical excipient. 

The active compounds are generally effective over a 
wide dosage range. For examples, dosages per day 
normally fall within the range of about 0.01 to about 30 
mg/kg. In the treatment of adult humans, the range of 
about 0.1 to about 15 mg/kg/day, in single or divided 
dose, is especially preferred. However, it will be 
understood that the amount of the compound actually 
administered will be determined by a physician, in the 
light of the relevant circumstances, including the 
condition to be treated, the chosen route of 
administration, the actual compound or compounds 
administered, the age, weight, and response of the 
individual patient, and the severity of the patient's 
symptoms, and therefore the above dosage ranges are not 
intended to limit the scope of the invention in any way. 
In some instances dosage levels below the lower limit of 
the aforesaid range may be more than adequate, while in 
other cases still larger doses may be employed without 
causing any harmful side effect, provided that such 
larger doses are first divided into several smaller doses 
for administration throughout the day. 



Hard gelatin capsules containing the following 

ingredients are prepared: 
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Quantity 
Ingredient 

Compound of Example 20 



(mg/ capsule) 
30.0 



Starch 



3G5 a 0 



Magnesium stearate 



5.0 



The above ingredients are mixed and filled into hard 
gelatin capsules in 340 mg quantities. 

Another preferred formulation employed in the 
methods of the present invention employs transdermal 
delivery devices ( "patches ■} . Such transdermal patches 
may be used to provide continuous or discontinuous 
infusion of the compounds of the present invention in 
controlled amounts. The construction and use of 
transdermal patches for the delivery of pharmaceutical 
agents is well known in the art. See, e.g. . U.S. Patent 
5 , 023, 252 , issued June 11, 1991, herein incorporated by 
reference. Such patches may be constructed for 
continuous 9 pulsatile, or on demand delivery ©£ 
pharmaceutical agents. 

Frequently, it will be desirable or necessary to 
introduce the pharmaceutical composition to the brain, 
either directly or indirectly. Direct techniques usually 
involve placement of a drug delivery catheter into the 
host's ventricular system to bypass the blood-brain 
barrier. One such implantable delivery system, used for 
the transport of biological factors to specific 
anatomical regions of the body, is described in U.S. 
latent 5,011,472, issued April 30, 1391, wliicL is he^eia 
incorporated by reference. 



preferred, usually involve formulating the compositions 
to provide for Srug lateafciation by the corrv&rsXon of 
hyuiuphilic drugs into lipid- soluble drugs or prodrugs. 



Indirect techniques, which are generally 
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Latentiation is generally achieved through blocking of 
the hydroxy, carbonyl, sulfate, and primary amine groups 
present on the drug to render the drug more lipid soluble 
and amenable to transportation across the blood- brain 
barrier . JU>teraatively ff the delivery of hydrophilic 
drugs may be enhanced by intra -arterial infusion of 
hypertonic solutions which can transiently open the 
blood-brain barrier. 

The type of formulation employed for the 
administration of the compounds employed in the methods 
of the present invention may be dictated by the 
particular compounds employed, the type of 
pharmacokinetic profile desired from the route of 
administration and the compound (s) , and the state of the 
patient. 
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CLAIMS 

We claim: 

1. A compound of Formula I: 




I 

where 

A-B ie -C«CH- or -CHCH2-; 
- n is 0 or 1; 
R 1 is H or C1-C4 alkyl; 

R 2 is H, methyl, or ethyl; and 

Aryl is naphthyl or heteroaryl, each optionally 
monosubstituted with a substitutent selected from the group 
consisting of H, halo, hydroxy, C1-C4 alkyl, C1-C4 alkoxy, 
cyano, nitro, carboxamido, and trif luorome thy 1 ; or 
pharmaceutical^ acceptable salts or hydrates thereof 8 

provided that when n is 1, A-B is -CHCH2- • 

2. A compound Claim 1 where n is 0. 

3. A compound of Claim 1, where A-B is - CHCH2 • . 

4. A compound of Claim 1, where Aryl is benzofur-2-yl. 

5. A pharmaceutical formulation which comprises, in 

assssistieB *?±th pharmaceutical^ acceptable carriers f 
diiuents er e^eipie^ts, a es^^ ef FQrz&la Is 
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Aryt 



I 



where 



A-B is -C=CH- or -CHCH2' ; 

n is 0 or 1; 

R 1 is H or C1-C4 alkyl; 

R 2 is H, methyl, or ethyl; and 

Aryl is naphthyl or heteroaryl, each optionally 
monosubstituted with a substitutent selected from the group 
consisting of H, halo, hydroxy, C1-C4 alkyl, C1-C4 alkoxy, 
cyano, nitro, carboxamido, and trif luoromethyl ; or 
pharmaceutically acceptable salts or hydrates thereof, 

provided that when n is 1, A-B is -CHCH2- . 

6. A method for the inhibition of serotonin reuptake 
comprising administering to a mammal in need of such 
treatment an effective amount of a compound of Formula I: 




V 



where 
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R 1 is H or C1-C4 alkyl; 

R 2 is H, methyl, or ethyl; and 

Aryl is naphthyl or heteroaryl, each optionally 
monosubstituted with a substituted selected from the group 
consisting of H, halo, hydroxy, C1-C4 alkyl, C1-C4 alkoxy, 
cyano, nitro, carboxamido, and trif iuoromethyl ; or 
pharmaceutical!/ acceptable salts or hydrates thereof, 

provided that when n is 1, A-B is -CHCH2-. 

7. A method of Claim 6, where the mammal is a human. 
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